IMPORTANCE Sex-associated differences in immune response are known, but a meta-analysis suggested men, compared with women, derive greater value from immunotherapy for advanced solid-organ malignant neoplasms. However, methodologic concerns and subsequent trials have placed these results in doubt.
W omen and men differ in their immunologic response to both foreign and self-antigens, with women typically having stronger innate and adaptive immune responses. 1 Compared with men, women not only experience a higher prevalence of systemic autoimmune disease 1,2 but also have a greater response to vaccination and a lower severity and prevalence of many infectious conditions. 1, 3, 4 In oncology, differences in immune response have been postulated to underlie observed differences in prevalence and mortality from many cancers. 5, 6 Immune checkpoint inhibitors targeting cytotoxic T-lymphocyte antigen-4 (CTLA-4) and programmed cell death 1 (PD-1) have demonstrated higher efficacy than standard of care (SOC) chemotherapeutic approaches in several malignant neoplasms. Sex hormone modulation of the PD-1/ programmed cell death 1 ligand 1 (PD-L1) pathway has been demonstrated in animal models. 7, 8 Thus, it has been postulated that the advantages of immunotherapy may vary according to patient sex. 9 Recently, Conforti et al 10 However, another recent analysis has presented conflicting data: No difference in advantages between nivolumab and everolimus was seen among men and women with metastatic renal cell carcinoma.
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The Conforti et al 10 meta-analysis demonstrated a difference between patient sex, which presents a number of limitations that preclude strong conclusions from being drawn from the data set. First, the meta-analysis included a limited subset of approved immunotherapeutic agents. Second, several comprehensive and updated studies that met the inclusion criteria, including those with a more robust representation of female patients, have been published since the Conforti et al 10 literature review.
To address these concerns, we performed a systematic review and meta-analysis that examine the association of patient sex with the advantages of immunotherapy in patients with advanced cancer. We used a more contemporary and comprehensive literature search strategy.
Methods
This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) guidelines. 12 The study protocol was registered with PROSPERO.
Types of Studies
We included randomized clinical trials. Observational studies (whether cohort or case-control in design), editorials, commentaries, and review articles were excluded. Publications that were not subject to peer review (ie, reports of data from the National Vital Statistics System and dissertations or theses) were also excluded. To prevent the duplication of patients used in our analyses, we selected 1 study (when more than 1 was published about the same patient cohort), on the basis of contemporary timing, cohort size, and granularity of data reported.
We included studies that compared immunotherapy for metastatic cancers with other systemic treatment regimens, including chemotherapy-based regimens and those that used other targeted therapies. Analyses that examined immunotherapy-chemotherapy combinations compared with chemotherapy alone were also included. However, studies that compared various immunotherapy regimens were excluded.
Outcome and Exposure of Interest
The outcome of interest was overall survival (OS) and whether OS was reported as the primary or secondary outcome of the original study. Studies that reported other measures of oncologic response, including progression-free survival and objective response rate (without OS data) were excluded as these may not be comparable across histologic subtypes.
We sought to examine whether patient sex modified the association between immunotherapy (compared to chemotherapy) and OS. Studies that did not report analyses stratified by sex in the original trials were excluded. Furthermore, to exclude ecologic bias, we excluded studies that reported subgroup analyses for 1 sex only.
Search Strategy and Review Method
To perform this present analysis, we updated a previous relevant systematic review by Conforti et al 10 that used MEDLINE (PubMed), Embase, and Scopus from inception of these databases to November 30, 2017 , to identify phase 2 or 3 randomized clinical trials for the agents ipilimumab, tremelimumab, nivolumab, and pembrolizumab. In this update, we expanded the literature search for previously included agents from November 30, 2017, to October 2, 2018. We expanded the search criteria to include atezolizumab, durvalumab, and avelumab and searched the relevant databases from inception to October 2, 2018. References from review articles, editorials, and included studies were reviewed and cross-referenced to ensure completeness. No limitations were placed regarding publication language or publication year. After the literature search, we excluded all duplicates. References from review articles, commentaries, editorials, included studies, and conference publications of relevant medical societies were reviewed and cross-referenced to ensure completeness. We (M.B. and Z.K.) performed study selection independently, and we resolved disagreements by consensus with the primary author (C.J.D.W.). Titles and abstracts were used to screen for initial study inclusion. Full-text reviews were performed if the abstracts were insufficient for determining if the studies met the inclusion or exclusion criteria. We (C.J.D.W., M.B., and Z.K.) developed a data extraction form by consensus. One of us (M.B.) performed all of the data extraction, and two of us (C.J.D.W. and Z.K.) conducted independent verification. Study characteristics, including first author, year of publication, study design, phase, type of therapy (anti-PD-L1 or anti-CTLA-4), line of therapy, underlying malignant neoplasm, and baseline demographic characteristics were extracted. In addition, outcome information, including the HR (with 95% CI) for death, stratified by patient sex, was abstracted. A risk-of-bias assessment was conducted using the Cochrane Collaboration tool for assessing risk of bias. 13 
Assessment of Heterogeneity and Statistical Analysis
We identified heterogeneity using the Q test. Heterogeneity was estimated using the DerSimonian-Laird method and was quantified using I 2 values.
14 Meta-analysis was performed using Review Manager, version 5.3 (Nordic Cochrane Centre). We used the inverse variance technique for meta-analysis of HRs. Because of the clinical heterogeneity inherent in the data, we used random-effects models for all meta-analyses. To assess the differences between the sexes in each study while accounting for study-level associations, we made calculations using log HR and then assessed whether the variations differed from the null using the χ 2 test. 14 All reported P values are 2-sided, and P = .05 was used to indicate statistical significance.
Subgroup Analyses
We performed a number of prespecified subgroup analyses to assess the potential association of oncologic and methodologic factors in effect modification of patient sex with immunotherapy efficacy. We considered subgroups, including disease site (melanoma, non-small cell lung cancer [NSCLC] , and other tumor sites), line of therapy (first line and subsequent), class of immunotherapy (anti-CTLA-4, anti-PD-1, and anti-PD-L1), and study methodology (various immunotherapies vs chemotherapy alone, immunotherapy-chemotherapy combination vs chemotherapy alone). To assess the degree to which the relative underrepresentation of women in these trials may contribute to the previously observed differences in outcome between women and men, we performed a stratified analysis according to the proportion of women in each study. We categorized the included studies according to whether women represented less than 20%, 20% to 30%, 30% to 40%, or 40% or more of the study cohort.
Results

Literature Search Results
The literature search identified 57 unique references. After a full-text review of 17 studies, we identified 7 relevant clinical trials for inclusion, in addition to 16 trials included from the Conforti et al 10 meta-analysis. Thus, a total of 23 trials were included in the present meta-analysis ( Figure 1 ). All trials included a subgroup analysis, stratified by sex, that compared the intervention group with the control group, with an HR for OS. Table 1 lists the main characteristics of the 23 trials. In total, 13 721 patients were included, of which 9322 (67.9%) were men and 4399 (32.1%) were women; the age of most patients was in the 70s. All studies enrolled patients within the past decade, and most trials were published in the past 3 years. Only 2 studies 18,29 (9%) evaluated OS as a secondary end point (the primary end point was progression-free survival), both of which allowed crossover to immunotherapy at the time of disease progression. There were 11 trials (48%) for patients with NSCLC, 16-18,20-22, 
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The median age of patients included was typically in the 70s; however, in 2 trials, the median age was in the 60s. 30 
Risk of Bias
Risk of bias of the included trials is shown in the eTable in the Supplement. All trials included random-sequence generation and were at low risk for selection bias. There was intermittent reporting of allocation concealment; several studies were at risk for selection bias because of this criterion. Generally, all studies were at low risk for attrition and reporting bias. Several studies were unblinded and were thus at risk for performance and detection bias; however, for the outcome of OS, such a lack of blinding is likely inconsequential as blinding is unlikely to affect the outcome.
Primary Analysis
Meta-analysis of the available literature demonstrated a statistically significant advantage in OS for patients who received immunotherapy compared with other systemic therapies (HR, 0.75, 95% CI, 0.70-0.81; P < .001; I 2 = 61%). Compared with SOC systemic therapy, an OS advantage of immunotherapy was observed for both men (HR, 0.75; 95% CI, 0.69-0.81; P < .001) and women (HR, 0.77; 95% CI, 0.67-0.88; P = .002); however, we found no statistically significant difference in OS advantage between the sexes (P = .60; I 2 =38%)( Table 2 , Figure 2 ). Statistically significant heterogeneity was demonstrated among both men (tau 2 = 0.02; χ 2 = 51.67; P = .003; I 2 = 57%) and women (tau 2 = 0.07; χ 2 = 62.29; P < .001; I 2 = 65%).
Subgroup Analysis
We performed a number of subgroup analyses according to disease site, line of therapy, class of immunotherapy, and study methodology. No statistically significant differences in the efficacy of immunotherapy were found between men and women in any of these analyses (Table 2) . Finally, we examined for the effect of the prevalence of women in the study cohort. Again, no statistically significant differences were demonstrated among these subgroups ( Table 2) .
Discussion
Contrary to the published meta-analysis by Conforti et al, 10 which suggested a greater immunotherapy advantage compared with SOC systemic therapy for men than women, the present analysis found no difference in OS from immune checkpoint inhibitors when comparing the efficacy of these treatments between the sexes. Furthermore, when assessing several subgroup analyses, including disease site, line of therapy, class of immunotherapy, and study methodology, we could not demonstrate any significant sex-associated differences in efficacy.
These conflicting results may be explained in a number of ways. First, we excluded 3 trials, which were included in Conforti et al, 10 that compared various immunotherapy regimes. 38-40 By including only those trials that compared an immunotherapy group with a nonimmunotherapy control, we were able to specifically assess the association of sex with response to immunotherapy. Second, we expanded the search criteria to include immunotherapy agents that were not considered in Conforti et al. 10 The Brahmer et al, 17 2015
Carbone et al, 18 2017
Ferris et al, 19 2016
Gandhi et al, 20 
Strengths and Limitations
The strengths of this meta-analysis include the strict methodologic inclusion criteria that required the comparison between an immunotherapy group and a nonimmunotherapy control group; the broad inclusion of all approved immunotherapy agents; and the rigorous, up-to-date search strategy. As a result, this analysis provides a comprehensive assessment of the association of patient sex with response to immunotherapy compared with nonimmunotherapy, including data on more than 13 000 patients. Furthermore, we undertook several subgroup analyses in an attempt to ascertain any differences in immunotherapy efficacy between the sexes. This analysis has several limitations. First, it relies on published clinical trial subgroup HRs and not on individual patientlevel data. Second, residual confounding is possible in that differences other than sex contribute to immunotherapy response and OS. Third, differences in outcomes between men and women may be ascribed to other factors (including differences in lifestyle, comorbidities, incidence of autoimmune diseases, and other factors) that are unaccounted for in clinical trials. Fourth, as in all clinical trials, the included studies are at risk for having nongeneralizable results (the so-called efficacy-effectiveness gap) because of referral bias and strict inclusion criteria, among other factors, that result in the underrepresentation of uninsured, lowincome, and minority populations. Meta-analysis of these trials, such as the one we performed, is subject to the same limitations. Finally, the trials that we excluded because of a lack of published sex-subgroup analyses may demonstrate sex differences if analyzed in this fashion.
Conclusions
In this contemporary meta-analysis of all available immunotherapy clinical trials across all disease sites, we found no difference in immunotherapy efficacy or OS between women and men. Contrary to findings of a previous analysis, we found no evidence that sex should be considered when deciding whether to offer immunotherapy to patients with advanced cancers.
